The temperature rises of photovoltaic's cells (PV) affects its conversion efficiency. However the use of phase change material (PCM) "RT25" layer with horizontal inner fins linked to PV panel can maintain its temperature. A numerical study of a novel proposed configuration is performed; aiming to understand the effect of fins tilt angle and its orientation on thermal regulation enhancement of PV cells. The computations are based on an iterative, finite-volume numerical procedure that incorporates an enthalpy formulation for simulation of the phase change phenomenon. The comparison between the numerical predictions and numerical and experimental data from literature shows a good agreement. This study is also carried out for various tilt angles in the range of 0° to 45° in an interval of 5° and orientation of internal fins converged or diverged. Results indicate that the fins tilt angle (α=25°) can maintain the PV cell efficiency at 14% with an average temperature of 34,5°C for 3 hours, compared with PV/PCM system with horizontal fins (α=0°) which its efficiency decrease to 12.5% from its maximal value (15%) with an average temperature of 38°C.
INTRODUCTION
The temperature elevation of photovoltaic cell reduces its electrical efficiency. However, only 15-20% of the sunlight received by the PV panel can be transformed into electricity, while the rest is dissipated into heat according to Emery et al. [1] . Which increase the PV operating temperature, and as a result, affects the electrical conversion efficiency and the solar cell lifetime Norton et al. [2] . This can reduce the PV cell efficiency of 0.5% per 1°C of elevation. Therefore, maintaining the temperature of PV cells at adequate level can improve their efficiency. Several researches try to cool the PV cells by many techniques in order to remove the excess heat from the PV cells. Overall, the phase change materials (PCM) have many applications such as Building Energy Conservation and saving [3] [4] or as a layer linked to a PV panel which has been an effective solution widely used to limit the temperature rise of PV cells [5] [6] [7] [8] .
Since the phase change materials are pure and combined, Farouk et al. [5] studied their influence on the performance improvement of the PV modules. They found that the use of pure PCM can reduce the PV temperature by more than 6.5°C by an average of 2.7°C, and increase the electrical efficiency by an average of 3%. on the other hand the combined PCM can reduce the PV temperature by an average of 5.6°C and improves the efficiency of the PV module by about 5.8%.
Khanna et al. [6] analyzed the performance of a PV/PCM system under several operating conditions, namely, tilt angle, wind speed and direction, initial temperature and melting temperature of the PCM. Their results show that when the angle of inclination increases from 0° to 90° the PV temperature (in the PV/PCM system) decreases from 43.4°C to 34.5°C, resulting in an increase of the PV efficiency from 18.1% to 19%. Moreover, the increase in the angle of the wind azimuth decreased the heat losses of the PV, which leads to an increase in the rate of heat extraction by the PCM. A PCM with a low melting temperature can maintain PV cells at lower temperature. Finally, they found that the most favorable PCM used will be that which has a melting temperature closer to room temperature.
The experimental and numerical studies of Huang et al. [9] [10] [11] [12] [13] [14] was conducted under the thermal regulation of building integrated photovoltaic panel BIPV by using PCM. Starting by the first research Huang et al. [10] which, they have succeed to maintain the temperature of the PV cells under 40 °C for 80 min, with a PCM RT25 that have a melt temperature of 32°C, then considering the low thermal conductivity of RT25 0.18
, an internal fins in Aluminum used to transport the thermal load into the PCM in order to reduce the temperature rise on PV. In other hand Huang et al. [9] [10] [11] [12] [13] [14] investigated the use of inner fins in BIPV to enhance the heat transfer in PCM losing the excess heat in PCM. They have studied the effect of internal fins spacing on BIPV thermal regulation and PCM behavior, they found that the use of fins improves thermal distribution of PV/PCM system and reduce its temperature significantly. Cellura et al. [15] studied a PV/PCM system numerically with a finite element method, they considered a pure PCM with a constant phase change temperature, they succeed to improve the performance of PV/PCM system by 20%, but practically the PCMs are mixtures of paraffins that have a phase change range temperature. Moreover, Hasan et al. [16] have investigated experimentally the thermal regulation of four different configurations of building integrated photovoltaic's BIPV, at three insolations intensities by using five PCMs with different melt temperature. The minimum temperature obtained was 10°C for 5h under 1000W/m 2 , and they found that the temperature regulation depends on the quantity of PCM and thermal conductivity of both PCM and the enclosure.
Karunesh et al. [17] they studied the effect of several parameters such as the heat transfer mechanisms, tilt angle and wind speed of PV/PCM system. When only conduction is considered, the operating temperature decreased by about 3°C and the solar efficiency is improved by 5%, in addition the higher wind speed and the tilt angle allow a good cooling of photovoltaic panels. Stropnik et al. [7] studied both experimentally and numerically the electrical performance of PV/PCM system with the TRNSYS software, the electrical production by the photovoltaic module has been improved up to 7% for one year.
Elarga et al. [18] have developed a physical model to study the incorporation of an PCM layer on a double-facade of PV panel for three different climates, they have found that this technique can improve the conversion of solar energy into electricity independently of the climate, they concluded that the use of PCM can also increase the cooling of the building more than 20% per month. An experimental study was carried out by Nikolaos S et al. [19] to evaluate the efficacy of PCM to mitigate the influence of temperature on photovoltaic module performance. The PV/PCM system was tested under Mediterranean climatic conditions. They found that the chosen PCM "RT27" succeeded in reducing the PV module temperature by an average of 11°C compared to a system without PCM, furthermore the conversion efficiency of the PV module increases by about 8.6%.
The impact of the fins tilt angle and its orientation on performance of PV/PCM system has not been studied previously. Therefore, in the present paper, we investigate the effect of tilt angle in the range of 0° to 45° in an interval of 5° and orientation of internal fins converged or diverged on the thermal regulation and electrical efficiency of PV/PCM system. Moreover, we tested the PV/PCM in different insolation intensities low, medium and high to determine the thermal performance of the PCM used in cooling. The schematic diagram of PV/PCM considered in this study is presented in figure 1 and figure 2, as shown in figure the PV/PCM system is composed by a PV panel attached on a rectangular enclosure filled by PCM. The PCM used is Rubitherm RT25 and its thermophysical properties which are assumed to be constant during the melting process are provided in Table 1 . Air circulates freely over the PV panel and the back wall of the container. The PCM is in direct contact with the PV panel and the back wall. The incident energy IT is absorbed and dissipated into heat inside the PV/PCM system. In our case, we use the same geometry considered by Huang et al. [10] . Therefore, we use the same boundary and initial conditions of the last authors, which are:
DESCRIPTION OF THE PROBLEM
The initial temperature of the system PV/PCM is TPV; The front and rear surfaces of the system have respectively the values he1 and he2;
Concerning the top and bottom boundaries, the adiabatic conditions are used.
GOVERNING EQUATIONS
In the present study, a 2D implicit finite volume method was used to solve the governing equations for a head transfer conjugate with phase change process. the enthalpy-porosity formulation was adopted for solving phase change region in PCM, in this method the interface between the solid and the liquid phases modeled as a porous medium. The liquid fraction varies smoothly across this porous, so-called mushy region.
The mushy zone is modeled via the phase fractions, which are incorporated in the source terms in the governing equations to account for the phase change phenomena. Table 1 . Thermodynamic properties of "RT25" [20] , paraffin wax [21] and Aluminium [22] . The continuity
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where ρ is the density, k denotes the thermal conductivity, µ is the dynamic viscosity, Si and Sh are the source terms, ui is the velocity component in the i-direction, xi is a Cartesian coordinate, and h is the specific enthalpy. The sensible enthalpy hse is given by:
And the total enthalpy, H is defined as se H h H = +  (6) where ΔH = γL is the enthalpy change due to phase change, h0 is the reference enthalpy at the reference temperature T0, Cp is the specific heat, L is the specific enthalpy of melting (liquid state) and γ is the liquid fraction during the phase change which occur over a range of temperatures. Tsolidus < T < TLiquidus defied by the following relations:
If Tsolidus <T <Tliquidus
The source terms Si and Sh are given by:
where A(γ) is defined as the "porosity function" which governs the momentum equation based on Carman-Kozeny relationship for flow in porous media. The function reduces the velocities gradually from a finite value of 1 in fully liquid to 0 in fully solid state within the computational cells involving phase change. The epsilon ε = 0.001 infinity avoidance constant due to division by zero and C is a constant reflecting the morphology of the melting front where C = 10 5 . Boussinesq approximation was adopted to calculate the change in PCM density as a function of temperature in the liquid density given by:
( ) 00 1 TT     = − −  (12) And the relationship of buoyancy forces in the momentum equation is given by:
where ρ0 is the reference density at melting temperature Tm and β is the thermal expansion.
The temperature of the PV cell (Tpv) can vary depending on the weather variables such as ambient temperature (Tam), local wind speed (Vw), solar radiation (It), physical properties of the system such as glazing Skoplaki et al. [21] . The effect of temperature on the electrical efficiency of a PV cell can be obtained by using a fundamental equation: Kant et al. [15] .
= 0 (1 − 0 ( − 0 )) (14) where 0 and 0 are the reference solar cell efficiency and the solar cell temperature coefficient at the standard operating temperature of 25°C, respectively. The reference solar irradiance It is equal to 1000 W/m 2 . These values are provided by the manufacturer data sheet and are available for most PV cells.
NUMERICAL MODELING
The governing equations are solved by using the commercial code Fluent 6.3.26. The pressure-velocity coupling is accounted by using SIMPLE algorithm Patankar [27] , whereas the Quick scheme was adopted for convective discrimination. The Boussineq approximation was adopted to take account the change in density of the PCM in liquid phase as a function of temperature.
A variable time step with a minimum value of 0.01s are used for all the simulations, and the convergence was confirmed at each time step, with the convergence criterion of 10 -6 for all variables. The grid size adopted in present simulation was 48x132 using mesh generation software ANSYS GAMBIT 2.4.6.
Validation
All the simulations were conducted using the heat transfer coefficients on the front and rear surfaces are respectively 12.5W.m -2 .K -1 and 7.5W.m -2
.K -1 and the insolation was 750Wm -2 . The present model Benlekkam et al [30] was validated successfully with numerical and experimental data of Huang et al. [10] . Our validation was performed with the same initial and boundary conditions, material properties and geometry, then we compared our results with the predicted and experimental temperature evolution of front and rear surface of PV/PCM system Figure 3 , in addition we compared the isothermal contours of temperature in Figure 4 . A good agreement was obtained.
RESULTS AND DISCUSSION

Effect of the orientation of fins for a PV/PCM system
For a better understanding of the thermal load distribution in a PV/PCM system. Several researchers use metallic fins with high thermal conductivity through the PCM to transport the heat that occurs on the PV at the core of the PCM. The obtained results show that the cooling rate of the PV panel.
increases. Consequently, we suggested to study the orientation of fins for different tilt angles (α = 10°, 30° and 45°) which could improve the thermal regulation of the PV panel.
The Figure 5 , shows the comparison between the average temperature versus time of the front surface of the PV/PCM system for two orientations (converged and diverged) Figure  2 . It is clearly visible according to Figure 5 , that the temperature has minimum value for the configuration in which the two fins are diverged with a tilt angle of 10° and 30°, since the latter ensure a good distribution of the thermal loads in the PV/PCM system, whereas the converged fins configuration serves to concentrate the heat comes from the PV panel in the center of the PV/PCM system. Which causes an increase of the PV temperature to 38.5°C at the 170th minute, and subsequently affects the efficiency of the PV panel. However, the temperature reaches at 34°C. for diverged fins configuration with α = 30°. This very large deviation of 4.5°C allowed us to widen our investigation on the system whose fins are diverged for several tilt angles to determine the optimum angle, which gives a good thermal regulation. Figure 5 . Average temperature evolution on PV front for three tilts angle α =10°, 30° and 45° .
Effect of tilt angle for PV/PCM system with diverged fins
A parametric study was carried out to evaluate the effect of fins tilt angle on the cooling rate of PV cell, this evaluation was performed by the variation of tilt angle α to take the values [0°, 5°, 10°, 15°, 20°, 25°, 30°, 35°, 45°] respectively. All calculations were performed along the 200 minutes until the PCM was completely melted us shown in figure 5 .
The figures 6-a and 6-b shows the isothermal contours at the 50th and 100th minute of the configurations studied. It can be seen that the temperature of the PV registers a large deviation at the 100th minute for the system, which α = 25°, it is 1.5°C by comparison with the systems which α=0° and α = 45°, and this difference increases until the temperature of the PV reaches at 34°C for α=25° after the 175 th mn. On the other hand, it exceeds 36,5°C for the horizontal fin system (α = 0°).
The same behavior of PCM was recorded. However, the evolution of the front temperature of the configurations under investigation records a minimum value of 30.8°C for α = 25° and another maximum of 33.5°C for the system where α = 45°. This large deviation of 2.5 °C in the 100 th minute can be justified by the cold molten PCM for the configurations which α = 10°, 15°, 20°, 25° and 30°, so this latter provides a good thermal load distribution via the cold molten PCM flow. However, the other systems concentrate heat in specific regions, and create a hot quantity of liquid PCM, which increases the temperature of PV panel.
The figure 7 , illustrates the cooling rate of the PV panel due to the angles of inclination used in the present work, the system with α = 25° allows a good regulation which is 3°C with respect to the system with horizontal fins α = 0°, this result represents a high cooling rate.
The PV/PCM system with inclined fins of α=25° has been exposed to several intensities of irradiation flux (500, 750 and 1000W/m 2 ), to evaluate their effect on the thermal behavior of the PCM cooling in three different climates. Figure 8 and 9 shows the contours of the liquid fractions of the PV/PCM system recorded at 50, 100, 150 and 200 minutes and its average temperature evolution versus time.
The temperature rise of PV/PCM system under the three irradiation intensities was rapid up to 30°C according to the figure 9 ; due to the sensible heating of the solid PCM by domination of conduction heat transfer. this is indicated by the almost uniform liquid-solid interface figure 8 at 50 minutes, and when the temperature of the PCM layer in direct contact with the rear surface of the PV reached its melting point, the thermal energy absorbed as latent heat. Therefore the temperature rise gradient decreased and the temperature of the PV is maintained.
Once the solid-liquid melting front propagates; in this moment, the heat transfer is dominated by convection in the molten PCM. As the time elapsed, the thickness of the melting PCM layer increases and triggers the natural convective flow as shown in figure 8 at 150 min, which force the liquid PCM to move upward, near the aluminum front wall (hot wall). then cool the PV cell by absorbing the excess thermal energy as latent heat. It is clear from figure 8 , that the PCM melted rapidly when the PV/PCM system is exposed under 1000 W/m 2 , because its temperature increases rapidly compared with the rest system, which receives a low heat flux. Under a heat flux of 500, 750 and 1000 W/m 2 , the PCM takes 250 minutes, 200 minutes and 150 minutes respectively to be completely melted. The temperature of the PV was maintained at 32°C for more than 200mn under a heat flux of 500 W/m 2 . On the other hand, it is 40°C and 67°C for the same period under an irradiation flux of 750 and 1000 W/m 2 respectively. Then, our PCM is very useful under low thermal irradiation "less than 750W/m 2 " and an ambient temperature of 20°C. As the insolation intensity increases, the temperature of the PV panel increases and the melting time of the PCM decreases. figure 10 . The efficiency of the PV cells is calculated by the equation Eq (14) .
From Figure 10 , it can be seen that the temperature rise of the PV cells was negatively affects its efficiency. This latter decreases with time until the melting state is reached; so it decreases from its maximum value 15% at ambient temperature, to 14% for a PV/PCM system with fins which α = 25° and to 12.6% for a PV panel without PCM layer, for 200 minutes.
The use of PCM can maintain the efficiency of PV cells at an average value greater than 14.6% more than 3 hours; a drop of 1% compared to the maximum efficiency of the PV cells used (15%). However, the PV cells efficiency without a PCM layer exposed under the same thermal conditions fall of 2.5% of its maximum value because of the elavation of the temperature.
CONCLUSION
Numerical simulations of thermal and electrical performance of a PV/PCM system with internal fins was achieved successfully. The developed numerical model was compared with numerical and experimental data of literature for both: Average temperature of PV cells versus time and the isothermal contours for 50 th and 100 th minutes, where a good agreement was found.
The effect of fins tilt angle and its orientations on the thermal regulation rate of PV/PCM system were studied. Also, the PCM performance is evaluated under different insolation intensities. Based on the findings of the present computational study of the PV/PCM system, the following conclusions are drawn:
Comparing the fins orientations of PV/PCM system, the best results were obtained with diverged configuration that maintained the temperature about 34°C for 170 minutes, while the converged maintained its at 38°C.
The results achieved showed that the fins tilt angle with diverged configuration less than 30° allows a good thermal cooling rate, and maintained the PV cell efficiency at average value of 14% for more than 3 hours compared with PV system without PCM.
The diverged configuration of PV/PCM system with fins tilt angle 25°, provide the best performances.
It was found that the PCM "RT25" was more useful for thermal regulation of PV/PCM system under medium and low insolations intensities for the same thermal operating conditions.
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